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Physical motivations.

Proton spin puzzle: since 1988 and EMC mesurement of gγ1 [PLB 206, 2 (1988)]

→ Missing spin in terms of QCD dof.

Ja�e Manohar decomposition [Nucl. Phys. B337, 509 (1990)]:

1
2

= 1
2
Σq + Σg + Lq + Lg

Proton spin

Quark spin

Gluon spin

Quark OAM

Gluon OAM

Consider Σq =
1∫
0

dx
(
q↑(x)− q↓(x)

)
. ⇒ Experiments: �nite range of x ∈ [xmin, xmax].

Theory: our only hope for the region of x ∈ [0, xmin]. ⇒ Small-x framework.

For helicity-dependent operator: Require beyond JIMWLK evolution.
→ Use h-JIMWLK kernel [PRD 100 (2019) 11, 114020].

Solving h-JIMWLK evolution require an initial condition:
⇒ Helicity-dependent extension of the MV-model.
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Assumptions and two points correlation functions.

r⊥

Nucleon

Trajectory

Volume probed V

Assumptions

Uncorrelated nucleons

Each nucleon is dilute (Np � n):

P (k � Np) ∼ 1
k!

(
Np

n

)k
Large nucleus A� 1

pQCD region:

Λ2
QCD � 1/r2

⊥ � µ2 ∝ A1/3

Correlation functions (For simplicity, each nucleon is made of
∑
σ N

σ
q quarks)

〈A|jaσ(x, x−) jbσ′(y, y−)|A〉 = δab δσσ′ µ2
σ(x, x−)× δ(x− − y−) δ2(x− y), (1)

µ2
σ(x, x−) = 2παs

Nσ
q

Nc
ρA(x, x−). (2)

〈A|J i σψ (x, x−) Jj σ
′

ψ̄
(y, y−)|A〉 = −δij δσσ′

ν2
(−σ)(x, x

−)
√

2 〈p+〉
× δ(x− − y−) δ2(x− y), (3)

ν2
σ(x, x−) = 4παs

CF N
σ
q

Nc
ρA(x, x−). (4)

ρA = Nucleon density, Nσ
q = Number of quarks with helicity σ in each nucleon.
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Result and prospect.

Main Result: [NPA 1004 (2020) 122051]

W(0)[α, β, ψ, ψ̄] ∝ exp

{∫
d2x⊥dx

− 〈p+〉
[
ν2

+ + ν2
−

ν2
+ ν

2
−

ψ̄ 1
2
γ+∇2

⊥ψ −
ν2

+ − ν2
−

ν2
+ ν

2
−

ψ̄ 1
2
γ+γ5∇2

⊥ψ

]}
×exp

{
−
∫
d2x⊥dx

− tr

[
(∇2
⊥α)2 µ

2
+ + µ2

−

8µ2
+ µ

2
−

+
(
〈p+〉β

)2 µ2
+ + µ2

−

2µ2
+ µ

2
−

+ (∇2
⊥α)〈p+〉β µ

2
+ − µ2

−

2µ2
+ µ

2
−

]}
Where we used the EOM to relate sources {jσ, Jψ, Jψ̄} to �elds {α, β, ψ, ψ̄}:

jσ = − 1
2
∇2
⊥α + σ〈p+〉β (5)

Jσψ = χTσ jψ = χTσ [i/∂ −m]ψ (6)

Prospect

Stochastic formulation of the h-JIMWLK equation, using the h-MV model as an initial
condition.
This should allow numerical evaluation at all Nc and Nf of any helicity dependent operator
at small-x.
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